The world-wide patterns of the F2-region disturbance and their development process with the geomagnetic storm-time were examined with the comprehensive world-wide data of F2-layer.
Introduction
Many studies concerning the morphology of the average F2-layer disturbance have been reported by various investigators [1, 2, 3, 4] . In the early stage of our research [5] , attempts were made only to separate the time variation of disturbances in f0F2 and hF2 into the two parts, the storm-time and the local-time part, using the data of Japanese stations. It has recently been established by D.F. Martyn [2] and K. Sinno [6] that the ionospheric storms at any place consist of the Dst and Ds-variation (the SD-variation) such as defined by S. Chapman [3] in the case of magnetic storms.
On the other hand, progressive changes of the world-wide distribution of f0F2 for individual storms also provide us with some important information on this subject [9, 10, 11] . Recently, the writer had a chance to get hourly data on ionospheric storms kindly sent from the various stations over the world especially at latitudes near and inside the northern auroral zone.
In this report, the world-wide distribution of the average ionospheric storm and the instantaneous aspects of individual storms, will be dealt with.
Ionospheric Data used in the Present Analysis
The data examined in this study are the hourly values of f0F2 and hF2 during the period of magnetic storms obtained at 40 ionospheric stations scattered in the northern hemisphere.
Ten magnetic storms are picked out here as typical examples, and the patterns of progressive changes of ionospheric disturbances are traced.
The dates of these storms and some characteristics of them are given in subsequent Table 1 . The abbreviations and the localities of the relevant ionospheric stations are summarized in Table 2 and shown in Fig. 1 . These three diagrams are illustrated in Fig. 2 , which may represent the average distributions of F2-region disturbance in the northern hemisphere (viewed from the north pole) during the main phase of the associated magnetic storm. In the above result, the following will especially be remarked.
Dst (f0F2):
The depression in Dst is maximum near the southern edge of the auroral zone, and the Dst becomes rather positive around the equator.
Ds (f0F2):
The diurnal component is predominant in Ds, its range becomes maximum about 0=500.
The phase seems to be somewhat different with geomagnetic latitude, f0F2 in the polar region being maximum about 21h-24h, and minimum about 9h-12h, while in middle latitudes it is maximum about 18h-21h and minimum about 7h-40h.
D (f0F2):
In the combined disturbance D=Dst+Ds, the region of depression in f0F2 is widely extended in comparison with that of the Ds (f0F2), but there still remains an area of increase in f0F2 in the dark side.
The dependency of the D (f0F2) on season may be well represented in Fig. 3 ,
where the left diagram shows the distribution of the D(f0F2) for the northern summer, and the right one for the northern winter. Remarkable discrepancies between these two diagrams will be seen to be that the minimum point of f0F2 is shifted towards earlier local-time in summer than in winter, and that the region of decrease in f0F2 becomes larger in summer owing to the increase in the amount of depression of the Dst (f0F2). As will be seen in these figures, the storm-time change in the Dst (f0F2) which is independent of local-time or in other words of longitude, can be characterized by a slight increase in the initial phase, a remakable depression during the main phase and the early stage of the recovery phases, and gradual diminishing of the depression in the later stage of the recovery phase. The range of the diurnal component Ds (f0F2) is also the largest during the main phase and the early stage of the recovery phase of associated magnetic storms.
The above mentioned two facts have already been known [2, 6, 7, 11] . But it will be noticed that the phase of the Ds (f0F2) is delayed fairly regulary with the storm-time.
In the early stages of magnetic storms, the phase of the Ds (f0F2) is almost fixed to the local-time, and the depressed region of f0F2 moves around the earth with the sun, however, in the later stages the disturbance is not fixed to local-time, but is delayed gradually. In other words, the disturbance variation depends on local-time during the active stage of magnetic storms, but after the activation ceases the pattern of disturbance moves with the rotating earth, its magnitude gradually diminishing. It may thus be presumed that the delay of the phase of the Ds will be chiefly due to the transition from the active stage, where the Ds is subjected to local-tune, to the diminishing stage of the already produced Ds distribution on longitude.
Some Details of Individual Ionospheric Storms
The preceding discussion deals mainly with the average characteristics of storms.
It is also of importance to consider disturbance individually, in order to determine the characteristics of the irregular changes, which are eliminated when many storms are superposed and averaged.
The typical storms in winter, equinox and summer seasons are selected here, and successive instantaneous changes of the world-wide distribution of F2-layer In the earlier phases, as will be seen in Figs. 6 and 7, positive 4f0F2 regions appeared near the auroral zone, grew up, and diminished intermittently or successively as patches at various localities in high latitudes. After these changes, noticeable decreased f0F2 region could be seen in the European zone. This region built up its activity in the sunlit side at high and middle latitudes, moving around the earth with the sun (Fig. 8) .
The ionospheric patterns after the declining of magnetic activity are shown in Figs. 9 and 10 . The large depressed area of f0F2 still remained with a diameter of over a few thousands kilometers. Any appreciable movement of the depressed centre with storm-time, however, could not be found, and the disturbance was fixed at some particular localities. Accordingly the centre of depression was removed from the forenoon side to the afternoon with storm-time diminishing its magnitude gradually.
2) Ionospheric Storm of October 28-29, 1951.
The severe magnetic storm of October 28-29 was a typical one of comparatively short duration, occurring during a rather quiet period (Fig. 11) . After the subsidence of magnetic disturbance, the distorted area gradually contracted, however, the weak anomalies remained for rather longer time.
3) lonospheric Storm of July 1-2, 1951.
Sudden commencement followed by a major magnetic disturbance began at 22h 28m U.TT on July 1. Moderately disturbed condition started immediately and 
